To compare the postoperative changes of both sagittal spinal and spinopelvic parameters in patients with Lenke Type 1 adolescent idiopathic scoliosis (AIS) who underwent selective and non-selective fusion surgery.
█ INTRODUCTION
L enke Type I, the main thoracic curve type, is the most common spinal curve pattern in adolescent idiopathic scoliosis (AIS) (10) . According to Lenke, selective fusion is the preferred treatment in Type 1 scoliosis. However, non-selective fusion can also be required in some patients (7) . Surgical procedures correct the deformity, in both the coronal and sagittal planes. Since scoliosis is a 3-dimensional deformity, in not only the coronal but also the spinal plane, deformity correction is important.
In sagittal plane evaluations, thoracic kyphosis (TK), lumbar lordosis (LL), sagittal vertical axis (SVA), and sagittal spinopelvic parameters, such as pelvic tilt (PT), pelvic incidence (PI) and sacral slope (SS) can be used (1) . Studies in the literature about PT, PI and SS are gaining popularity especially with both spine and hip surgeons. We conducted this study to evaluate whether these parameters are affected depending on fusion types in Lenke Type 1 scoliosis.
The aim of this study was to compare the changes in sagittal spinal and spinopelvic parameters in patients with Lenke Type 1 AIS who underwent selective and non-selective fusion surgery compared with the changes observed in the preoperative period.
█ MATERIAL and METHODS
Institutional Review Board approval was obtained before initiation of this study. We conducted a retrospective archive scan of all AIS patients who had undergone scoliosis surgery from 2006-2012 in our hospital. As a result of the review, the records of 204 patients with Lenke Type 1 AIS were identified. Patients who had complete files, both preoperative and postoperative scoliosis x-rays and those who had adequate follow-up for at least 24 months were identified from logs. In addition, patients who had not undergone spinal surgery before and only patients who had posterior screw instrumentation were included in the study. After examining postoperative x-rays and operative notes of 53 patients according to these criteria, two groups were assigned as patients who underwent selective surgery (group 1, n=21) and those who underwent non-selective surgery (group 2, n=32).
Preoperative and postoperative sagittal spinal and spinopelvic parameters were measured using the SURGIMAP © (Nemaris Inc., USA) (https://www.surgimap.com/) measurement system. Measurements of PT, PI, SS, TK and LL were assessed on the lateral orthoroentgenogram. The TK value was determined by measuring the Cobb angle between T5 and T12. The LL value was determined by measuring the Cobb angle between L1 and S1. The PI, PT and SS were measured as the angle between the vertical line of the sacral plate and the line connecting the midpoint of the sacral plate to the midpoint of the bilateral femoral head centre, the angle between the plumb line and the line connecting the midpoint of the sacral plate with the midpoint of the bilateral femoral head centre and the angle between the sacral plate and the horizontal line, respectively (Figure 1 ). Preoperative and postoperative spinopelvic measurements of all patients are listed in Table I .
For the statistical analysis of obtained values, a KolmogorovSmirnov test was performed to test for normality. A paired sample t-test was used for the pre-postoperative evaluation and an independent sample t-test was used for intergroup evaluation. p<0.05 was considered significant. █ 
RESULTS
In group 1, 17 (80%) patients were female and 4 (20%) were male and in group 2, 23 (71%) patients were female and 9 (29%) were male. The mean age of the patients was 15.50 ± 2.8 years in group 1 and 15.23 ± 2.8 years in group 2. The mean follow-up period was 85 months in group 1, and 72 months in group 2 (Table II) .
The mean values of PT, PI, SS, LL and TK preoperatively were 11° ± 9°, 53.62° ± 16°, 42.6° ± 8°, 60° ± 16°, 22.2° ± 9° in group 1 and 9.9° ± 12°, 47.7° ± 16°, 38° ± 9°, 55.6° ± 11° and 22.3° ± 13° in group 2, respectively. Postoperative mean values in group 1 were 10.6° ± 8°, 45.8° ± 18°, 37.5° ± 11°, 54.8° ± 11°, 20.5° ± 10° and 11.9° ± 8°, 48.3° ± 12°, 36.3° ± 8°, 53.2° ± 8° and 17.8° ± 6° in group 2, respectively (Table III) .
When the whole patient group was evaluated together, preoperative mean values were 10.3° ± 11°, 50° ± 16°, 39.8° ± 9°, 57.5° ± 13° and 22.3° ± 12°, while the postoperative values were 11.4° ± 9°, 47.3° ± 15°, 36.8° ± 9°, 54° ± 9° and 20.8° ± 8°.
In both groups, comparison of pre-and postoperative sagittal spinal parameters did not show any statistically significant difference (PT, PI and SS, respectively). Although LL showed a decrease in the postoperative follow-up period in both groups, it was not statistically significant (group 1; p=0.1 and group 2; p=0.2). Also, TK was slightly lower than normal values in the non-selective group (17.8°), but the statistical change was not significant (p=0.6). The mean TK in the selective group remained at approximately the same level in the preoperative (22.2°) and postoperative measurements (20.5°) (p=0.3). In terms of LL and TK, there was no statistically significant difference between the groups in both preoperative and postoperative evaluations (Figure 2A-D; 3A-D) .
When all Lenke Type 1 patients were compared preoperativepostoperative, there was no statistically significant difference regarding both PT and PI measurements, but the mean SS showed a decrease with a low statistical significance (p=0.04). In contrast, the means of TK and LL did not change significantly.
█ DISCUSSION
One of the main aims of surgical treatment of AIS is to provide coronal and sagittal balance. Therefore, it is not only important Upasani et al., who compared sagittal parameters with the normal population in AIS patients, reported that TK was mainly affected in AIS patients and TK was lower in thoracic curvatures (14) . They stated that in AIS, PI was higher than normal in adolescents close to adulthood. In contrast, Legaye et al. showed that PI was not different in these patients compared with that in the normal population (8) . When the averages of both groups of our patients were evaluated, the PI average was found to be 50° and remained within the same limits as the range for the normal population.
Investigations of sagittal spinopelvic parameters among Lenke types are gaining interest (5, 6, 13, 15) . In the study by Farshad et al. (5), AIS patients showed a mild posterior imbalance, 
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Selective fusion surgery remains popular since Lenke stated that compensatory curvatures at the AIS should not be included in the fusion site (9) . However, this rule cannot be followed in some cases. Non-selective fusion sites can be added in patients whose curvature cannot be corrected in the coronal plane. Changes in sagittal parameters during the postoperative period can be expected in patients with both selective and non-selective fusion. Ries et al. compared the group of 50 Lenke Type 1 and Type 2 patients with 32 healthy individuals and found that both the TK and LL were decreased after selective fusion in each group, whereas SVA and PT were not affected (12) . As a result, they showed that, although the sagittal profile was altered; sagittal spinopelvic parameters did especially in the Lenke Type 1; however, sagittal spinopelvic parameters were similar in all Lenke types. In our patient group, the overall mean of TK was normokyphotic (22.2°) and the mean of SVA was in normal range. However, Roussouly et al. investigated 132 AIS patients and found that SS and LL were decreasing postoperatively, PT was increasing mildly but significantly, and PI was not changing (13) . According to their results, TK was found to be unchanged. In the same study, changes in the sagittal plane between Lenke's types were minimal. In a total of 53 Lenke Type 1 patients who constituted our patient group, PT and PI did not change significantly at the postoperative evaluation, but a slight decrease in SS was observed (p=0.04). In the studies by Celestre et al. although the values of the sagittal parameter of non-selective fusion patients were not changed during the mid-term follow up, patients with selective fusion had increased thoracic and/or thoracolumbar kyphotic values (3). Even though spinopelvic parameters are not mentioned in the same study, it is said that the effects of these changes (kyphosis increase) on sagittal balance are not known in the long-term and they should be considered when choosing a fusion level. Despite the absence of postoperative changes in the selective group, in our study we observed a decrease in TK rather than an increase in the non-selective group. However, this decrease was not statistically significant but may be explained by the fact that no extra effort may have been required to achieve TK in our general patient group, which was normokyphotic.
In their study on disc degeneration in AIS, Bernstein et al. explained thoughts about sagittal parameters indirectly, as follows: 'Increased thoracic kyphosis after selective fusion can be tolerated in the short term with pelvic retroversion and increased pelvic tilt changes, but long-term effects of these effects are unknown' (2). During our mid-term follow up, we do not mean that sagittal spinal or spinopelvic parameters were not affected after selective or non-selective fusion surgery.
A pedicle screw system was used in all our patients. In this respect, Liu and Hai investigated the effects of hybrid and non-hybrid screw systems in the sagittal plane, but did not find any differences between the two systems (11).
█ CONCLUSION
Sagittal spinopelvic parameters in AIS show different changes in various studies after surgery. There are also studies that give different results from our study as well as others that report similar findings. Therefore, the reasons for these different results warrant more detailed investigations, especially if this difference is because scoliosis is a 3-dimensional deformity.
A multi-dimensional deformity needs to be assessed using many different variables. For this reason, comparing the parameters on a single plane and ignoring the effects of other factors may have critical consequences. This point can be considered as one of the limitations of our study, while other limitations are the same patient being operated on by more than one surgeon, a relatively narrow (homogeneous) group of patients and the inability to eliminate measurement errors.
In conclusion, after selective and non-selective surgery, sagittal spinal and spinopelvic parameters are not affected in the mid-term. We think that future long-term studies that will be conducted in this regard will increasingly require the necessity of keeping the pelvis in mind while evaluating the sagittal plane in AIS surgery.
